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OFFIMTION OF THF THFK PROGRAM 

I 

Ocnernl studies undertnkon by the C.N.R.S. in the field of "solar power 
plants" have generated the problem of building energy production units 
in the medium range of electrical power, in the order of 100 kW. 

j 

Among the possible solutions, the principle of the use of "distributed" 
heliothermal converters has been selected as being, with the current 
status of things, the most advantageous solution. This principle consists 
of obtaining the conversion of concentrated radiation into heat by using 
a series of "heliothermal conversion modules" scattered over the ground; 
the produced heat is collected by a heat-carrying fluid circulating inside 
a thermal loop leading to a device for both regulation and storage. 

Thermal energy is then available for use: 

- either directly (at a temperature level between 30 and 300°C) for 
heating, air conditioning, soft-water production, steam production, 
industrial or agricultural conversions, etc. 

-or for the production of electrical energy. This production currently 
involves the standard thermodynamic method (volumetric machine at the 
low range, turbogenerator for higher .power levels) but the use of other 
methods (thermo-electricity for example) is in no way excluded. In the 
case of production using the thermodynamic approach, the recovery of 
heat at a low level, at the condenser, is planned for complementary 
applications. 

The TKEK program currently includes three phases. 

The first phase, called THEK 1, has as its goal the study, construction 
and testing of two heliothermal conversion prototype modules to establish 
specifications for pre-mass production and then for mass-production. 
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Figure 1 - THEK System for 400/500 ICilowatcs. 

The second phase, called THEK 2, consists; of the study, construction 
and testing of a field of 26 collectors that will be connected to an 
existing thermal loop. 

The third phase covers the various applications that can be conceived 
from the heliothermal conversion module perfected for THEK 1. 


The technical solutions retained under the THEK program attempt to 
satisfy, in order of priority, the following constraints primarily 
dictated by economic reasons: 
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* th@ module must be a standard component that can be used 
regardless of the power and geographical location of the 
power plant i 

- the apparatus must be "rustic" for obvious reasons associated 
with utilisation in isolated regions '» 

- priority, within the selection er,iteria, must be given to 
investment savings and to reliability (in comparison with the 
performance rate, for example); 

“ the results of studies conducted under the TMKM Project must 
used to the maximum extent, particularly with respect to the 
dimensions of the modules, the nature of the heat-earrying 
fluid, thermal storage, etc,*. 


PROJECT TK I 

Started in March 1976 after a preliminary study chat made it possible 
CO define two heliothermal conversion prototype modules, the THEK I 
project will enter the testing phase during the last three months of 
1977. 

In order to be able to conduct this testing vmder conditions as close 
CO real operation as possible, a complete elementary system (Figure 2) 
is being built and it includes: 

1) a heliothermal conversion module 

2) a storage t.nnk 

3) a test exchanger 

4) a steam generator 

5) a volvimetric engine coupled to an alternator 
5) a measuring device. 

1) THF. HELIOTHERMAh PRWOTYPE C0NVER.9I0M MOhULES 

The principle used for the two prototype modules consists of building in 
Che same equipment oriented (words iUegihlc) toward the sun the functions 



Figure 2 - THEORY OF OPERATION DIAGRAM FOR THE THEK 1 PROJECT TEST FACILITY. 

for collecting, concentrating and thermally converting solar radiation. 

The primary components of these two modules are: 
a - the concentrator 
b - the exchanger furnace 
c “ a mount 

d - an automatic sun tracking system, 

I 

a) the concentrator ) 

Formed by placing flat triangular mirrors next to each other so as to 
approximate a paraboloid of revolution, the function of the concentrator 
is to concentrate the incident solar radiation onto the exchanger furnace. 




Hsuro 3 - Heliotharnal Conversion Module of the hepartment of lloHophysies 

The half-angle of aperture of this parabolic pseudo-tairror is 4S vhich 
corresponds to a focal distance of A. 8 meters when the diameter is 8 meters. 

The geometric concentration factor is close to 250 for a system composed 
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of 750 basic equilateral mirrors measuring 40 cm on the side and made 
from clear glass silvered on the back and protected by an external 
varnish. The reflection coefficient of the mirrors is 0.87. 

i 

b) the exchanger furnace ' 

It is composed of a single tubular boiler made of copper tubing with an 
inside diameter of 12mm and covered with a special coating (o«0.97; 
e=0.90 at the operating temperature). This furnace is placed at the 
focal point of the concentrator; its function is to convert the 
concentrated solar radiation into heat and to transmit this heat to 
the heat-carrying fluid (Gilotherm TH). 


The aperture section of the furnace is a circle with a diameter of 0,5m. 
The geometry of the boiler was studied by taking into consideration 
the distribution of the light inside the focal volume of the concentrator. 


The boiler is equipped with standard thermal insulation on its back side, 
c) the mount 

This is the area where theteis a main difference between the two prototype 
modules. 

The first module, studied by the Department of Heliophysics of the 
University of Provence, uses an "all-direction" mount composed of a center 
post on which rests a one-piece plastic cupola turning about a vertical 
axis and a horizontal axis (see Figure 3). 

The second module also uses an "all-direction" mount directly derived 
from the heliostatic mount studied for the THEM Project by the Basic 
Technology Team of PIRDKS. This mount is composed of a welded mechanical 
structure that moves on a rail about a vertical axis (motion in azimuth) 
and that can be inclined with a sloping support and a system of chains 
(motion in elevation) (see Figure 4). 
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Figure 4 - E.T.B. Heliothertnal Conversion Module, 
d) the automatic sun-tracking system 

The orientation of the modules is automatically controlled by two 
systems in parallel, one programming the necessary motions Independently 
of the presence of the sun while the other corrects the orientation, as 
needed, as a function of the actual position of the sun. 

The first uses a clock movement connected to a mechanical coordinate 
generator and operates continuously. The second system uses a solar 
sensor with four photoresistive cells and intervenes on a priority basis 
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when the sun is present. These two systems provide the mount driving 
mochsnisms with the data needed for aiming the mounts. 

2) TdK STORAHE TANK 

It is a Gilotherm tank of 3 m (2400 kg) integrated in the thermal 

o 

loop and that is to operate at a temperature between 320 and 280 C. 

It was designed to regulate the operation of the converter, taking 
into cons ider.it ion the possibility of clouds passing for periods 
of time not exceeding several hours. 

3) THE TEST EXCHANGER 

Necessary for determining the thermal output of the system, a 
Gilotherm-to-water exchanger is planned to provide an average 
flow rate of 530 liters/hour. 

4 and 5) STEx\M GENERATOR AND VOLlT>n'TRlC ENGINE COUPLED TO AN ALTERNATOR 
In order to resolve interface problems, the system is completed with 
the addition of a st.mdard (word illegible) electric converter which we 
did no: try to optimize. 

6) THE >!E.\SmiNG DEVICE 

The measuring device designed to continuously record the data necess.iry 
for the study of the operation of the various components and particularly 
of the protoype nodules provides the capability of measuring the following 
parameters: 

- direct solar radiation 

~ velocity and direction of the wind 

- temperature of the heat-carrying fluid at the inlet and outlet 
of the exchanger furnace, of thrstorage tank and of the test 
exchanger 

- temperature control of the flow of the heat-carrying fluid 

- flow rates in the various circuits 

- etc. 
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7) PRODUCTION UNITS ; 

The connection of several modules to a single thermal .loop represent 
a specific development; the study phase of this development is covered 
in the next chapter entitled "Project THEK 2". 


PROJECT THEK 2 

Project THEK 2 is the logical sequence to Project THEK 1. Its goal is 
the study, construction and test of a field of 26 collectors resulting 
from this project. It will make it possible to study the technical 
problems caused by the parallel emplacement of several moduUs as well 
as the management problems associated with a field of distributed 
heliothemal collectors. 

The field could be connected to an existing thermal loop such a.«> the 
one installed by C.N.R.S. at Odeillo within the framework of Project THEM 

The study of the collector field began during the first six months of 
1977 and the main characteristics are given below. 

Request for proposals to build these modules, their assembly in the 
field and civil engineering work will begin in early 1^76 a. ter the 
first series of tests with the two prototype modules of Project THEK 1. 
The installation of the field should be completed at the end of the 
first six months of 1979. 
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Figure 5 - Theory of Operation Diagram of. the THEK 2 Collector Field. 
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OENKaAl. St'KCIFlCATJQNS OF THE THKK 2 COU.KCTOR FIRtO 
SV8TRM} 

Numhdi* of coUector mo4v»l©»! 2<i 

OlsiitifeMCion of th© colloetort over the field? qviirtcineial pattern 

Ungth of one «ide of a Unk? 12 nveteri 

2 ' 

'*5round eurfaci© eovered; 6Q00 to 

Hirror evurface; 1300 to^ 

hengtb of the main eoUectv^r; 790 wetera 

Fluid flow velocity? I TOeter/see, 

lm\er diameter of the collector tuhing? 75 mm 

Mata flow vN^^ce of the heat-carrying fluid (12»600 kg/hr); 5,5 Kg/aee. 
Rcynolda Numhev? 145,000 

Weight of Che flv\id in the pipea (Gilotharm lO? 7,900 kg 

freatur© drop? 1.7 hart 

Fewer ef the circulation pump? 1,5 Kilowatt 

Thermal lotaea in the pipea? 55 Kilowatta (thermal) 

Power captured and converted into electrical power? 750 kilowatta (thermal) 
STORAGE I'NIT? 

Type? temperature- aenavtive; nebular 

3 

Volume stored? 56 m 

3 

Volume of the ©Kpanaion chamber? 19 m 
Thickneaa of the thermal insulation? 0,40 metera 
boading time? 2 daya 

Power available to the storage unit; 700 kW (thermal) 

THFRMOPYNAMIO I.OOP 

Chavacteristica of the sui'evheated eteam: 2HO‘'o at 2H bars; 2,700 kJ/kg 
Type of egehangera? co\»nterflow 

Specific conaumption of the exchangers (Gilo for I kg/hr of steam) ?Q, 75 kW (vh) 


' ' 


‘iSs: 


'Ir 


j’- 
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Spooific consiunpt von of tho motor (for I kW oloctviojvl ) ! 10 kg/hi 

Towoi* ovoilohlo to tlu' oontlonsor; 600 kW (thovmol) 

AvailoMo olootvio.jl powor: kW. 


coil .KOTOR yOlM’l.K: 

Typo of oolloctorJ psovnio-paroboloiil 
Focal UMVRthi motors 

■V 

Coll 00 1 or surfaco aroa: ^Om** 

Coomotric concontral ion factor; 230 

Numhor of triangular facots; 7S0 

Surfaco aroa of ono tacot (otjvul.’ttoral trianylo): 

Roflootivity of il'o mirrors: 0.S7 

Ff foot ivonoss of iho mirrors; O.'IS 

•V 

Avorajio nvvrmal v'nory.y impact in>t: 800 W/m 


0.06') m" 


Typo of boiler; sin.nlo-tubo typo 

bo i lor ini or 3iamotor: 0.33 motor 

Apparont aroa of ibo convortor inlot: 0.22m' 

.\b.sorpi i vi ty of tbo absorbor: 0.‘)7 

FluiO tomporaturo at tbo moJulo inl«'t: 217 C 

FluiO tompv'iMturt* at tbo ruvlvilo outlet : 300 t. 

Inner di.vmotor of the oxchan>t«'r tvibiur. : tw' 

FluiO flow velocity: 1 . 3 mot or /.socoml 

Ma.ss flow rate of tbo boat -carry inp. flui»l (.<'>0kp/hrl : 


0 . I 3 S k p / S »* C I'Ukl 


Koynolils number: 34,400 

Apparent o.\chanpo svu'faco aroa ol tbo oxcbaupor 

» i? o 

Kxcbanpo coo f f ic iont : 2 . 3 kW/ m C 


furnace : 


0 . 6 ‘'m* 


Frossuro drop: I bar 

Tborm.il officioncv ot' tbo boiler: O.'M 

Typ»' of ebook inp systi'm: close*! loop 

Accopl.ablo anpular error for tbo rolK'CtoO rays: ^ mi 1 1 i r.ul ians 

Available p*>wor: ?'» kilowatts (ibormaH 
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